A comprehensive meta-analysis of the validity of general mental ability (GMA) measures across 12 occupational categories in the European Community (EC) is presented. GMA measures showed that there is validity generalization and large operational validities for job performance and training success in 11 occupational groups. Results also showed that job complexity moderated the magnitude of the operational validity of GMA tests across three levels of job complexity: low, medium, and high. In general, results were similar to those found in the United States, although the European findings showed a slightly larger magnitude of operational validity in some cases. Theoretical and practical implications of these findings for personnel selection are discussed.
In the past 80 years, hundreds of criterion-related validity studies have been carried out across the world, relating general mental ability (GMA) measures to work-related criteria. Following Schmidt (2002) , GMA is defined effectively in this research as any measure that combines two, three, or more specific aptitudes, or any measure that includes a variety of items measuring specific abilities (e.g., verbal, numerical, spatial) . Consequently, the observed validity of GMA for a specific study may be achieved using an omnibus GMA test (e.g., The Wonderlic Personnel Test, Otis Employment Test, Raven's Progressive Matrices Test) or using different specific tests combined in a battery (e.g. General Aptitude Test Battery [GATB] , Differential Aptitude Tests [DAT] , Primary Mental Aptitude [PMA] ). In these primary studies, a wide variety of types of jobs were explored. Much of this research has been summarized in quantitative reviews of the validity of personnel selection measures. For example, Ghiselli (1966 Ghiselli ( , 1973 wrote several now classic reviews. Ghiselli's main conclusion was that, in general, for training success and job proficiency, intelligence tests and spatial, mechanical, and perceptual ability measures are the best predictors. He also suggested that there was an intelligence or specific ability test with an at least moderate validity for each of the eight groups of occupations analyzed. This group of occupations included managerial, clerical, services, sales, and protective occupations, as well as vehicle operators, trades and crafts, and industrial occupations.
Meta-Analyses of Cognitive Ability Measures
After Ghiselli's (1966 Ghiselli's ( , 1973 reviews, several meta-analyses were conducted to examine the validity of cognitive ability measures as predictors in personnel selection. These meta-analyses are characterized by the fact that they analyzed the validity of general cognitive ability measures for broad occupational families (e.g., Hartigan & Wigdor, 1989; Hunter & Hunter, 1984) or by the fact that they meta-analyzed validity for only one specific occupation, such as clerical occupations, law enforcement occupations, computer programmers, sales jobs, and trades in the utility industry (Hirsch, Northrop, & Schmidt, 1986; Levine, Spector, Menon, Narayanan, & Cannon-Bowers, 1996; Pearlman, Schmidt, & Hunter, 1980; Schmidt, Gast-Rosenberg, & Hunter, 1980; Vinchur, Schippman, Switzer, & Roth, 1998) . For example, Hunter and Hunter (1984) classified the occupations described in the Dictionary of Occupational Titles (DOT) using a classification of five families. They found that criterion-related validity of cogni-tive tests was moderated by the occupational family membership. This membership was dependent on the job complexity of the specific occupation. Hunter and Hunter found that, for job performance and training success criteria, the validity of cognitive tests for more complex occupational families was larger than that of less complex occupations. The Panel of the National Research Council (Hartigan & Wigdor, 1989) reanalyzed Hunter and Hunter's data set, analyzed a new set of data, and found essentially the same findings. Therefore, these two large-scale meta-analyses came to the same conclusion: Job complexity is a moderator of the criterion-related validity of cognitive ability measures. However, these studies did not analyze specific or small occupational groups (e.g., managerial, clerical, sales) as Ghiselli did. Furthermore, there is a relevant difference between the study of Hunter and Hunter and the study of the Panel of the National Research Council. Hunter and Hunter corrected the validity for criterion unreliability and range restriction in predictor scores, whereas the Panel of the National Research Council only corrected the validity for criterion unreliability. In addition, there is a difference in the correction for criterion unreliability. Although Hunter and Hunter used a reliability estimate of .60 for job performance and .81 for training success, the Panel of the National Research Council used an estimate of .80 for both criteria. Consequently, there are important differences in the final results of these two meta-analytic studies. For example, in the case of the job performance criterion, Hunter and Hunter found that the validity ranged from .23 for Family II (feeding-off-bearing) to .58 for Family III (synthesizecoordinate), whereas the Panel of the National Research Council found that the validity ranged from .17 for Family I (setup) to .28 for Family III. For the training success criterion, Hunter and Hunter found that the validity ranged from .50 for Family III to .65 for Family I (setup) and the Panel of the National Research Council found that the validity ranged from .00 for Family V (copy-compare) to .60 for Family I. Differences may also be due to different sample sizes within each job family in both studies. Apparently, only Job Families I, IV (analyze-compile-compute), and V and Job Families IV and V were similarly represented in both studies for job performance and training success, respectively (see Hartigan & Wigdor, 1989, p. 161) . A potential limitation of these two investigations is that they only considered studies carried out with the GATB.
Several other meta-analyses were conducted for specific occupational categories. For example, Pearlman et al. (1980) carried out a meta-analysis of the validity of cognitive ability measures for predicting job performance and training success in clerical occupations. They found that GMA and other specific cognitive measures, including memory and verbal, numerical, spatial, mechanical, and perceptual abilities, showed moderate to large criterionrelated validity and that they generalized validity across samples and jobs. Hirsch et al. (1986) examined the validity generalization of cognitive ability measures for law enforcement occupations. They found validity coefficients of a modest magnitude for job proficiency criteria. However, except for spatial-mechanical ability measures, there was either no validity generalization, or its magnitude was very small. In the case of training success, they found a large validity generalization effect. Levine et al. (1996) carried out a meta-analysis using the criterion-related validity studies relating to crafts jobs in the utility industry (e.g., electrical assembly, mechanical utility jobs, telephone technical jobs). They found that the cognitive tests that included measures of verbal ability, numerical ability, abstract reasoning, and general intelligence showed an operational validity of .43 for predicting job performance. Schmidt et al. (1980) found that, in the case of computer programmer occupations, GMA measures had an operational validity of .73 for predicting job proficiency and of .91 for predicting training success. Finally, Vinchur et al. (1998) carried out a meta-analysis of the validity of cognitive measures for predicting job performance in sales jobs. They found an operational validity of .31 for overall cognitive ability and of .40 for GMA.
Considering the results of the meta-analyses mentioned above, together with Ghiselli's (1966 Ghiselli's ( , 1973 findings, it appears that there are some differences in the magnitude of the criterion-related validity of GMA for different jobs and occupational groups. This does not mean that the validity is specific for these jobs because 90% credibility values were positive and different from 0 in most cases. However, beyond the minimum of validity generalization for all jobs, validity may be larger or smaller according to the type of occupation. With regard to this, although there are a number of researches who have addressed this issue, some occupational groups have not been well represented in these meta-analyses. For example, no meta-analyses have been published in scientific journals reporting validity generalization analyses for managerial occupations, professionals (e.g., engineers, physicians, chemists), drivers, or even for apprentices. A second limitation of the prior meta-analyses is that they have only examined U.S. validity studies. Therefore, the conclusions of those meta-analyses could be valid only for the U.S. economy (e.g., Herriot & Anderson, 1997; Salgado, Viswesvaran, & Ones, 2001) .
Consequently, the first objective of this research was to replicate and extend past validity generalization research conducted solely in the United States by examining the operational validity of GMA measures for predicting job performance and training success in the European Community (EC) and in a variety of occupations, including a broader range of occupations. Our second objective was to examine whether job complexity moderates the validity of GMA tests so that GMA shows larger validity for more complex occupational groups. We chose the EC as the region for examining this goal. We made this decision for three reasons: (a) There has been a notable lack of European meta-analyses, (b) our results would allow the comparison of the GMA validity in the EC with previous meta-analytic results from the United States, and (c) the EC comprises a number of culturally and socially diverse countries whose combined population is comparable with that of the United States. The 15 current members of the EC are not a completely homogenous group of countries. There is a certain degree of heterogeneity in the cultural values and in the organizational selection practices, but as Viswesvaran and Ones (2002) recently pointed out, EC countries are relatively homogeneous in comparison with the United States because they have less within-country diversity (i.e., ethnic and racial diversity), and the personnel psychologists have a very similar view of professional personnel selection processes (Levy-Leboyer, 1994; Roe, 1989) . Recently, Salgado and Anderson (2002) , in an examination of 16 European countries, showed that GMA tests are used more by organizations in EC countries than in the United States and that the majority of European companies are medium and small companies (fewer than 500 employees). Moreover, these authors also demonstrated that there are only small differences among the majority of the European countries in the popularity of GMA tests. They illustrated that the perceptions of applicants in the EC, with regard to the GMA tests, are very similar. In addition, there are initiatives to harmonize the legislative structures and the testing standards in Europe. A recent report of the European Foundation for the Improvement of Living and Working Conditions (EFILWC; Paoli & Merllié, 2001) showed that there is a great similarity among the members of the EC in attributes such as (a) proportion of employees in the workforce, (b) the proportion of women in the workforce, (c) percentage of employees having influence over their working hours, (d) the proportion of workers having to solve unforeseen problems, (e) the proportion of workers having to perform monotonous tasks, (f) the percentage of workers carrying out complex tasks, (g) the proportion of employees learning new things in their work, (h) the proportion of employees who think that their skills match the demands of their job, (i) the percentage of employees benefited from training provided by their company and the average duration of the training per person. According to EFILWC, other attributes in which the European countries are very similar are the duration of working hours (the average is 39.8 hr for full-time workers), the average commuting time (37.5 min), the average of paid vacation time (25.9 days per year). In contrast, according to the U.S. Department of Labor, Bureau of Labor Statistics, the paid vacation time ranges from 9.6 days for workers with 1 year of tenure to 20.3 days for the employees with 20 years of tenure, and the average working week is 34.2 hr. Consequently, it may be assumed that there is more homogeneity among the European countries than between the European countries and the United States.
Method

Search for Studies
On the basis of the goals of this research, a database was developed containing European validity studies. These studies had to meet three criteria to be included in the database: (a) report validity coefficients relating job performance and training success measures and general cognitive ability measures; (b) the samples should be applicants, employees or trainees, but not students; (c) only civilian jobs (sum of all private industry and government workers) would be considered, excluding military occupations and agricultural workers.
The search was made using six strategies. First, a computer search was conducted in the PsycLit database. Second, a manual article-by-article search was carried out in a large number of European journals (a complete list may be obtained from Jesús F. Salgado). Third, test manuals were inspected looking for criterion-related validity studies. Fourth, several test publishing companies were contacted and asked for reports in which validity studies were reported. Fifth, the reference section of the articles obtained was checked to identify further articles. Finally, several wellknown European researchers were contacted in order to obtain additional articles and supplementary information related to published articles (e.g., complete matrix of correlation coefficients).
The literature search resulted in 89 articles, including 166 independent samples. These articles consisted of 71 (137 samples) published and 18 (29 samples) unpublished studies. Combining the published and unpublished studies conducted across the EC, the final database contained 81 independent samples with training success as the criterion and 85 samples with job performance as the criterion. The following countries contributed studies to the database: Belgium (2), France (18), Germany (9), Ireland (1), the Netherlands (10), Spain (13), and the United Kingdom (36).
Procedure
Two researchers served as judges, working independently to code every study. For each study the following information was recorded if available: (a) sample characteristics, such as gender, age, education, and so forth, (b) occupation and information related, (c) GMA measures used, (d) criterion used, (e) reliability of GMA, (f) criterion reliability, (g) range restriction value or data for calculating this value, (h) statistics concerning the relation between GMA and criterion, (i) correlation among the GMA measures when more than one was used, and (j) country in which the study was carried out. Disagreements were solved through discussion until the researchers agreed on the ability. We used the studies conducted in the United Kingdom (36% of the total) to calculate the reliability of the codification process. This was done for three reasons: (a) the U.K. studies usually contained more information for recording than the rest of the studies, (b) they were a very representative number of the total in terms that all the occupational groups were represented with at least one validity study, and (c) because all the U.K. primary studies used English as the language in which the study was written, the authors were more able to resolve any resultant coding differences and to attribute these to true coding interpretation differences rather than to language differences. Using the samples size, criterion reliability, predictor reliability, and validity coefficients, the overall agreement between researchers (prior to the consensus), estimated as a correlation, was .93. One validity coefficient was used per sample for each criterion-ability-occupation condition. When a study contained conceptual replications (i.e., two or more measures of the same construct were used in the same sample), linear composites with unit weights for the components were formed. Linear composites provide more construct valid estimates than the use of the average correlation. Nunnally (1978, pp. 166 -168) and Hunter and Schmidt (1990, pp. 457-463) Following a first inspection of the jobs represented in our database, we decided to create relatively homogeneous and conceptually meaningful occupational groups in accordance with the previous procedure used by Schmidt, Hunter, and Pearlman (1981) for the clerical jobs. To classify the jobs in occupational categories, we used DOT (U.S. Department of Labor, 1991) . On the basis of the information included in the primary studies about the jobs, we grouped the jobs in the following 10 DOT occupational categories: 00 (occupations in engineering), 02 (chemist), 18 (managers), 20 (typing and filing occupations), 23 (information and message distribution occupations), 25 (sales occupations), 37 (police), 60 (mechanics), 82 (electrician), and 90 (drivers) plus two miscellaneous categories, skilled worker and apprentices. Therefore, the total number of occupational categories is 12. These DOT categories differ substantially in terms of job requirements, and the number of studies in our database allowed us to consider each one as a separate entity. The examples of jobs included in each occupational category appear in Table 1 . To achieve our second objective, all the jobs included in the studies were classified in terms of job complexity level. After an inspection of the jobs contained in the occupational groups, we decided to create only three levels of job complexity. Occupations classified as being high complexity consisted of the jobs with scores 0 and 1 in the data dimension of the DOT. The medium level of job complexity consisted of jobs with scores of 2, 3, and 4 in the same DOT dimension. The low level of job complexity consisted of jobs with scores of 5 and 6 in the data dimension. With this classification system, all the jobs included in our categories 00, 02, and 18 (i.e., engineers, chemists, and managers) were classified as jobs of a high level of complexity. All the jobs included in our categories 20, 25, 37, 60, 82, (i.e., typing and filing jobs, sales jobs, police, mechanics, and electrician), plus the apprentice category and the majority (over 80% of studies) of jobs included in our category 23 (information and message distribution jobs), were classified as jobs of medium complexity level. The jobs included in the category 90 (i.e., drivers) and the majority (over 80% of studies) of the jobs included in the miscellaneous group of skilled worker occupations were classified as jobs of a low complexity level. Jobs within a category but that did not fit to the complexity level of the majority of jobs included in the category were assigned to the correct group of complexity level. For example, messenger (DOT 230 -663-010) included in the category 23 (information and message distribution jobs) was classified in the group of low complexity level; plotter (DOT 962-361-010) included in the miscellaneous category of skilled worker jobs was classified in the group of medium level of job complexity.
After the studies were collated and their characteristics recorded, the following step was to apply the psychometric meta-analysis of Hunter and Schmidt (1990, 2000) . Psychometric meta-analysis estimates how much of the observed variance of findings across studies is due to artifactual errors. The artifacts considered here were sampling error, criterion and predictor reliability, and range restriction in GMA scores. To correct the observed validity for these last three artifacts, the most common strategy is to develop specific distributions for each of them. Some of these artifacts reduce the correlations below their operational value (e.g., criterion reliability and range restriction), and all of them produce artifactual variability in the observed validity (Carretta & Ree, 2000 . In our analysis, we corrected the observed mean validity for criterion reliability and range restriction in the predictor.
Predictor Reliability
The reliability of predictors was estimated (a) from the coefficients reported in the studies included in the meta-analysis, and (b) using the coefficients published in the various test manuals. The appropriate coefficients are test-retest estimates of reliability (Schmidt & Hunter, 1999) . We developed an empirical distribution of test-retest reliability for GMA measures. The average reliability was .83 (SD ϭ .09). The predictor reliability estimates are only used to eliminate artifactual variability in the standard deviation of rho and are not used for correcting the observed validity, because our interest is in the operational validity of GMA and not in the theoretical value of GMA validity.
Criterion Reliability
In the present research, only studies using job performance ratings and training performance ratings as criteria were used. This choice was based on three reasons: (a) U.S. meta-analyses have used these two criteria extensively, and one of our objectives was to provide a comparison with those meta-analyses. Consequently, for this initial meta-analysis of EC studies, it was important to retain the same criteria. (b) Other criteria, such as tenure, turnover, promotions, or output, were used in a very small number of studies in our database; therefore, we would not be able to carry out meta-analyses in these cases. (c) Job performance and training success have been used extensively in the industrial-organizational psychology literature as early performance criteria, and in establishing the operational validity of GMA tests, these measures are of paramount importance. Not all studies provided information regarding the criteria reliability (i.e., job performance ratings and training ratings), and consequently, we had to develop empirical distributions for these two criteria. Fortunately, a number of studies provided reliability coefficients for estimating criterion reliability.
For job performance ratings, the interrater reliability coefficient is the one of interest (Hunter, 1986; Schmidt and Hunter, 1996) because if this type of reliability is used in the correction for attenuation, it will correct most of the unsystematic errors in supervisor ratings (Hunter & Hirsh, 1987) . We found 19 studies reporting interrater coefficients of job performance ratings (see Table 2 ). The average coefficient weighted by sample size was .52 (SD ϭ .19 ). This coefficient is exactly the same coefficient found by Viswesvaran, Ones, and Schmidt (1996) in their meta-analysis of the interrater reliability of job performance ratings. In addition, Rothstein (1990) showed that the asymptotic value for job performance ratings was .52.
It must be pointed out that the two lowest values of job performance reliability reported in Table 2 are .29 and .26, which are unusually low reliabilities and might be considered outliers. Some readers might think that they are leading to higher estimated rho values and higher estimates of variance accounted for by artifacts. However, the effects of these two are very small. The distribution without these two values would have a mean of 0.59. Because the square root of the mean would be used for correcting the observed validity, the difference is 0.72 (19 reliability values, M ϭ 0.52) compared with 0.76 (17 reliability values, M ϭ 0.59), which is practically irrelevant. For example, correcting 0.25 for 0.72 is 0.347, whereas correcting for 0.76 is 0.329. In other words, the effect is less than 0.02. The effects on the variance accounted for by artifacts are equally irrelevant.
In the case of training success, ratings by trainers or supervisors were used in most primary studies included in this meta-analysis. A small number of primary studies used pass-fail qualifications given by the supervisor or used the ratings given by teachers or external examiners in both theoretical and practical examinations. Therefore, all training success scores used in the present meta-analysis can be considered as a form of rating. In fact, when a theoretical and a practical examination were given to the trainees, the correlation between ratings of examinations ranged from .46 to .73. We found 15 studies reporting training success reliability (see Table 2 ). The weighted sample-size average reliability was .56 (SD ϭ .09). This figure is remarkably lower than the value of .81 used by Hunter and Hunter (1984) . We considered that our estimate is more representative of training success reliability than Hunter and Hunter's estimate for three reasons: (a) It was empirically developed using civil studies, whereas Hunter and Hunter's estimate was an assumed one; (b) Hunter's estimate was found for training success measures in the U.S. Navy (Hunter, 1986) , and these measures typically consisted of objective examinations (Vineberg & Joyner, 1989) ; (c) all the coefficients found in this research were calculated using ratings given by trainers or supervisors. Vineberg and Joyner (1989) affirmed that written tests and hands-on tests are the two types of measures most frequently used to evaluate trainee achievement in military contexts and that instructor ratings of trainee performance are very rarely used. Campbell, McHenry, and Wise (1990) reported a reliability of .53 (split-half) for hands-on test scores in Project A when they were used as a training success criterion.
Range Restriction Distributions
The distributions for range restriction were based on the following two strategies: (a) Some range restriction values were obtained from the studies that reported both restricted and unrestricted standard deviation data, and (b) another group of range restriction values was obtained using the reported selection ratio. To use the reported selection ratio, we used the formula reported by Schmidt, Hunter, and Urry (1976) . This double strategy produced a large number of range restriction estimates. We grouped the range restriction values in three categories, depending on the type of job used in the primary study. The three groups parallel Hunter and Hunter's (1984) job complexity classification, but we used three groups instead of five. The range restriction values of GMA appear in Table 3 . There are two reasons behind this procedure. First, the selection process results in a greater restriction for highly complex jobs than for lower complex jobs because of the fact that applicants tend to gravitate toward jobs with a complexity similar to their cognitive abilities and skills. In addition, selection processes for highly complex jobs screen out all except the very intelligent, but this is not true for the low complex jobs. Second, the three complexity groups are three practically nonoverlapping clusters of the occupational groups that are differentiated by job complexity. Consequently, if we use a single range restriction distribution for all the jobs, we would be undercorrecting the validity for high complexity jobs and overcorrecting the validity for medium and low complexity jobs. In the present study we used the range restriction distribution of high complexity level for the categories 00, 02, and 18 (i.e., engineers, chemists, and managers). We used the range restriction distribution of medium complexity level for the categories 20, 23, 25, 37, 60, 82, (i.e., typing and filing jobs, sales jobs, police, mechanics, and electrician), plus the apprentice category. Finally, we used the range restriction distribution of low complexity level occupations for the category 90 (i.e., drivers) and the miscellaneous group of skilled worker occupations.
Results
Validity Generalization Results for GMA-Occupation-Job Performance Combinations
The results of the meta-analyses for the nine occupational categories with job performance as criterion appear in Table 4 . We did not find validity studies for chemical jobs, mechanic jobs, and the apprentice group; therefore, these occupations are not included. Note. u ϭ range restriction ratio, calculated as s/S, where s is the restricted standard deviation and S the unrestricted standard deviation. F ϭ frequency; C ϭ criterion; J ϭ job performance; T ϭ training success. The number of studies for each GMA-occupation-criterion combination ranged from 3 to 23, and the single sample sizes ranged from 280 to 1,870. In the table, from left to right, the first two columns show the number of validity coefficients and the total sample size. The next five columns are the average observed validity weighted by the sample size, the observed variance weighted by the sample size, the observed standard deviation weighted by the sample size, the percentage of variance accounted for by all the artifactual errors (i.e., predictor and criterion reliability, predictor range restriction, and sampling error), and the sampling error variance. The three columns that follow show the operational validity (observed validity corrected by criterion reliability and predictor range restriction), the standard deviation of the operational validity, and the 90% credibility value. The largest operational validity was found for the managerial occupations. In this case, the operational validity was .67, and 40% of the observed variability was accounted for by artifactual errors. The 90% CV in this case was .15. Therefore, GMA measures were shown to be valid predictors of job performance for this occupational group, and they generalized validity across samples and countries. The next occupational category with the largest validity was sales occupations. The operational validity was .66, and all the observed variability was accounted for by artifactual errors. However, in the sales occupational group, the predicted artifactual variance was larger than 100 (we rounded the variance accounted for down to 100%), indicating that there is a second-order sampling error. Therefore, it is possible that the set of coefficients is not completely representative of the population. However, Hunter and Schmidt (1990) suggested that a second-order sampling error usually has only a small effect on the validity estimates and that it affects the meta-analytic estimates of standard deviations more than it affects the estimates of means.
The validity for the engineer occupations was .63, which was the third largest estimate. For engineer jobs, the 90% CV was .63 because all the observed variance was explained by artifactual errors. Therefore, there is evidence of validity generalization for this occupational group. The next occupational category with the largest operational validity was the information and message distribution clerk. The validity was .61 and all the observed variance was explained by the artifactual errors. Ranked immediately below, two occupational groups showed coefficients of .54 and .55, and there is validity generalization in the two cases. These two occupational categories were the electrical assembling jobs and the miscellaneous category of skilled workers. In the case of skilled workers, all the observed variability was accounted for by artifactual errors, and the explained variance was 65% for the electrical assembling jobs. The next occupational category, the typing and filing occupations, showed an operational validity of .45, and the 90% CV was .12. The artifactual errors accounted for 47% of the observed variability in these occupations. For drivers, the operational validity was .45 and the 90% CV was .21. In this case, the artifactual errors explained 64% of the observed variance. The police occupations had the lowest value of operational validity. In this group, we found an estimate of .24, and the 90% CV was .05. The artifactual errors explained 31% of the observed variance. Therefore, there is evidence of validity generalization for this occupational group.
Because of the fact that there were a relatively small number of studies in some distributions and that second-order sampling error was shown for some occupational groups, we conducted a socalled file-drawer analysis (Rosenthal, 1979; Hirsh et al., 1986) to ensure that all the studies in our review were relevant. With regard to this point, Ashworth, Osburn, Callender, and Boyle (1992) developed a method for assessing the vulnerability of validity generalization results to unrepresented or missing studies. Ashworth et al. (1992) suggested calculating the effects on validity when 10% of the studies are missing and when their validity is 0. Therefore, we calculated additional estimates to represent what the validity would be if we were unable to locate 10% of the studies and if these studies showed zero validity. The last three columns of Table 4 report these new (hypothetical) estimates for every occupational group: lowest rho value, new standard estimation, and lowest 90% CV. As can be seen, the increase in 10% of studies showing zero validity had only minimal effects on the operational validity and affected the estimates of the standard deviation little more. The hypothetical lowest 90% CVs were also all positive and different from 0. Consequently, even in the case of there being an addition of 10% of studies with zero validity, there was still validity generalization for all occupational groups in the case of the job performance criterion.
An important finding was that, for eight out of nine occupational groups across the EC, GMA tests showed high to very high operational validity, with the exception of the police category for which the operational validity was somewhat lower. Comparing Note. K ϭ number of studies; r ϭ observed mean validity; S r 2 ϭ observed variance; S e 2 ϭ sampling error variance; SD r ϭ observed standard deviation; ϭ operational validity; SD ϭ standard deviation of the operational validity; % VE ϭ variance accounted for by artifactual errors; L ϭ lowest (hypothetical) rho; NSD ϭ hypothetical standard deviation of L ; LCV ϭ lowest (hypothetical) CV.
our results with those reported in the U.S. meta-analyses for similar occupational groups, in general, our findings are similar or somewhat larger than the U.S. findings, although the content of the occupational categories is not necessarily the same in the EC and the United States. For example, the reanalysis of Ghiselli's (1966 Ghiselli's ( , 1973 findings by Hunter and Hunter (1984) reported operational validity estimates of . 54, .28, .53, .42, .61, .48, and .46 for clerical, driver, manager, protective, sales, service, and trade occupations, respectively. In other meta-analyses, the results have also been similar. For example, Pearlman et al. (1980) reported validities of .50 for typing and filing occupations, Hirsh et al. (1986) reported an operational validity of .22 for law enforcement occupations, and Levine et al. (1996) reported an operational validity of .53 for electrical general occupations in the utility industry, although the validity only reached .31 for electric assembly jobs.
In summary, the meta-analyses of the occupation-job performance combinations for GMA measures showed that they are valid predictors for all occupational categories and that they generalized validity across samples and countries of the EC. The results also showed that the magnitude of the operational validity was notably high for some occupational groups, namely managerial, sales, engineer, and informational and message distribution clerks jobs. Only in the case of police occupations was the magnitude of the validity relatively small. The fact that our results largely replicated the U.S. findings for these occupational groups is of great importance because it shows that the validity of GMA tests is not limited to the United States.
Validity Generalization Results for GMA-OccupationTraining Success Combinations
The results of the meta-analysis for the 10 occupational groups with training success as criterion appear in Table 5 . In the present analyses, we did not find an acceptable number of studies for carrying out meta-analyses for managerial and sales occupations. The number of studies for each GMA-occupation-training success combination ranged from 3 for police to 12 in the miscellaneous group of skilled workers. The single sample sizes ranged from 353 for the electrical assembly category to 2,276 for the skilled workers. The columns in Table 5 are the same as for  Table 4 .
The largest operational validity for predicting training success was found for the engineer occupational category, with the magnitude of the validity equal to .74. The 90% CV was .74, and 100% of the observed variability in validities was accounted for by artifactual errors. Therefore, the results indicate that GMA measures have generalized validity across samples and countries for this occupational group. The next group with the largest validity was the chemist job category. For this occupational category, GMA measures showed an operational validity of .72; the 90% CV was also .72 because the explained variance was 100%. Therefore, for this occupational group, there is also validity generalization across countries and samples. The next occupational category with the largest operational validity was the information and message distribution clerks. In this case, GMA measures showed an operational validity of .69, and all the observed variability was accounted for by the artifactual errors.
GMA measures were also found to be valid predictors of training success for a group of five occupational categories with the operational validity ranging from .40 to .63. The operational validity for the electrical assembling jobs was .63, the 90% CV was .48, and the percentage of explained variance was 73%. For the typing clerks category, the operational validity was .57, the 90% CV was .24, and the explained variance was 31%. The next occupational group was the apprentices, which showed an operational validity of .49, the 90% CV was .39, and the artifactual errors accounted for 84% of variability. For the driver occupational category, the operational validity was .40, the 90% CV was .32, and the artifactual errors accounted for 72%. Last, for the mechanics jobs, the validity was .40, the 90% CV was .29, and 82% of variability was explained by artifactual errors. Consequently, in all of these occupational categories, GMA showed validity generalization across samples and countries for predicting training success.
The last two occupational categories analyzed were police jobs and the miscellaneous group of skilled workers. In the case of police jobs, the operational validity was .25, and the 90% CV was Ϫ.07. Consequently, we cannot conclude that there is validity generalization for this occupational category. This counterintuitive result for the police job is probably due to the effect of a possible outlier value. If this value is deleted, the operational validity is .48, and the 90% CV is .48. Finally, for the skilled workers, the Note. K ϭ number of studies; r ϭ observed mean validity; S r 2 ϭ observed variance; S e 2 ϭ sampling error variance; SD r ϭ observed standard deviation; ϭ operational validity; SD ϭ standard deviation of the operational validity; % VE ϭ variance accounted for by artifactual errors; L ϭ lowest (hypothetical) rho; NSD ϭ hypothetical standard deviation of L ; LCV ϭ lowest (hypothetical) CV. operational validity was .27, and the 90% CV was .12. Therefore, there is validity generalization for this occupational category.
The results of the file-drawer analyses using the Ashworth et al. (1992) method appear in the last three columns of Table 5 . Adding 10% of the studies with zero validity had no effect on our conclusions for the training success criterion because the magnitude of the new rho estimates was very similar and it was shown that there is validity generalization for all occupational groups, except for police jobs.
We can now compare our results with previous U.S. results, as we have done for the job performance criterion. Our results for electrical assembly category are lower than the value found by Levine et al. (1996) because these authors reported an operational validity of .77. Pearlman et al. (1980) reported an average operational validity of .80 and .54 for GMA measures in typing and filing clerks and information and message distribution clerks, respectively. Therefore, we have found a larger value for information clerks and a lower value for typing clerks. For police occupations, Hirsh et al. (1986) reported an average validity of .56 for GMA measures, whereas our results showed a remarkably lower operational validity.
In summary, we found that GMA measures are valid predictors for the 10 occupational groups we analyzed here. They showed large operational validities ( Ͼ .50) for 5 out of the 10 groups and moderately large operational validities for 3 additional groups ( ϭ .40, .45, and .48, respectively). We also found that GMA measures generalized validity across samples and countries for 9 out of the 10 occupational groups. In general, our results are similar, although slightly lower than the operational validity estimates found in the U.S. meta-analyses for the same occupational groups.
Meta-Analysis of the Job Complexity-Criterion Validity Relations
In Table 6 , the results of the meta-analyses carried out for the three job complexity levels and for the two criteria used in the present research are presented. The results for job performance show that job complexity has a positive effect on the validity magnitude of GMA measures because there are different sizes for each complexity level.
As can be seen, the validity for the high level of job complexity is .64. For the medium complexity level, the validity magnitude is .53, and for the low level of job complexity the operational validity is .51. These sizes parallel the values found by Hunter and Hunter (1984) . For example, we found a value of .53 for the medium level of job complexity, which is exactly the same value reported by Hunter and Hunter. This is an especially relevant finding because the medium level of job complexity grouped 62.7% of the jobs (Hunter & Hunter, 1984) . Another relevant replication is that we found a value of .51 for the low level of job complexity, and Hunter and Hunter found a value of .50, which is practically the same. Finally, Hunter and Hunter found a value of .59 for the highest level of job complexity, and we found a value of .64, which is very close. Therefore, we replicate the previous findings for job performance.
In the case of training success, job complexity also shows effects on the GMA validity, but these effects are more remarkable. The validity for the high level of job complexity is .74, for the medium level it is .53, and for the low level it is .36. Therefore, it is clear that the validity of GMA increases when job complexity increases, showing a linearly positive relationship between GMA and job complexity. These results also replicate previous findings by Hunter and Hunter (1984) . Consequently, the previous conclusion that job complexity is a powerful moderator of GMA validity is supported by the present results.
Discussion
GMA measures have been shown to be highly valid predictors of job performance and training success criteria in personnel selection in the United States. Furthermore, meta-analytical research has provided empirical evidence that GMA measures show validity generalization across tests, samples, and organizations. In addition, it has been shown that the magnitude of the operational validity is different for the various occupational categories. However, such investigations only included primary studies carried out in the United States. Our examination of the operational validity of GMA measures in EC countries with similar and additional occupational categories was a relevant research question from both a theoretical and an applied point of view. The EC member countries represent an important replication test for earlier U.S. metaanalytical findings because they are all developed, postindustrial economies similar to the United States, with a population of over 400 million, but with different cultural, historical, and employment legislation frameworks (Herriot & Anderson, 1997) . Note. K ϭ number of studies; r ϭ observed mean validity; S r 2 ϭ observed variance; S e 2 ϭ sampling error variance; SD r ϭ observed standard deviation; ϭ operational validity; SD ϭ standard deviation of the operational validity; % VE ϭ variance accounted for by artifactual errors; L ϭ lowest (hypothetical) rho; NSD ϭ hypothetical standard deviation of L ; LCV ϭ lowest (hypothetical) CV.
The findings of the present research showed that GMA measures are valid predictors of job performance and that they generalized validity across samples and occupations within the EC for predicting job performance and training success. In the case of job performance, GMA measures showed large operational validities for nine occupational groups, including driver jobs, electrical assembling jobs, information and message distribution clerks, engineer and managerial occupations, sales jobs, typing and filing clerks, and police jobs. Furthermore, the results showed larger validity for the miscellaneous group of skilled worker jobs. In general, the results were similar, and in a few cases slightly higher, to those found in the United States. On the basis of the 90% CVs, it is possible to conclude that there is international validity generalization for GMA measures for predicting job performance. A possible explanation for this difference between the EC and the U.S. results is that there are differences in the conceptualization of work performance. Another possibility is that the jobs included in each occupational category are more cognitively complex jobs than the ones included in the U.S.-based meta-analyses. These findings are especially noteworthy given the cultural and historic variety of countries in the EC. That the magnitude of operational validity of GMA measures was equal to, or slightly greater than, those found in earlier meta-analyses carried out in the United States suggests even more convincingly that GMA measures are robust predictors of future job performance and training success across occupational categories, job complexity, and national cultures (Schmidt, Ones, & Hunter, 1992; Salgado & Anderson, 2002) . This is, to our knowledge, one of the only occasions in which U.S. findings of GMA effects sizes have been subjected to international verification in a multicultural context such as the EC (Anderson, Lievens, van Dam & Ryan, in press ). Such findings contribute to an increasingly global nature of science and practice in industrial-organizational psychology in that it can be ascertained whether earlier findings from the United States generalize to other continents, countries, and cultures. These findings present unambiguous evidence, based on a large sample of primary studies across seven European countries, that crucially important earlier findings are generalizable, and indeed in some cases operational validity of GMA measures in selection may be slightly higher in the EC than in the United Sates.
Regarding the training success criterion, the findings show that GMA measures were valid predictors for all occupational groups across the EC, except for police jobs. The findings demonstrate generalized validity for 9 out of 10 occupational groups examined here, including apprentice jobs, chemist jobs, driver jobs, electrical assembling jobs, information and message distribution clerks, engineer occupations, mechanic jobs, skilled worker jobs, and typing and filing clerks. On the basis of the 90% CVs, there is empirical evidence for concluding that there is international validity generalization of GMA measures for predicting training success in the EC. In relation to the explained variance, we found that it was accounted for to a large extent by artifactual errors, ranging from 36% for the typing clerks to 100% for the chemist jobs and the information and message distribution clerks. In addition, the pattern of the validity coefficients was similar to those found in the U.S. meta-analyses, although in some cases, the magnitude of the coefficients was smaller in the European studies. Consequently, when taking the results for training success in Europe and the United States as a whole, it is clear that there is international validity generalization for this criterion. Police jobs were the only occupational group that showed a negative 90% credibility value and, consequently, there was no evidence for validity generalization. However, as we already pointed out, this result could have been due to an outlier value, and therefore we suggest more single studies on the validity of GMA measures in this occupational group.
Another relevant finding is related to the fact that the magnitude of the operational validity was in general larger for training success than for job performance ratings. The findings of the U.S. meta-analyses, in which the effects of the occupational group were analyzed, suggests that the validity was also larger for training success than for job performance, although the results are not completely conclusive. For example, Ghiselli's (1966 Ghiselli's ( , 1973 results, as reanalyzed by Hunter (1986; Hunter & Hunter, 1984) , indicated that the validity for training success was larger in eight out of nine occupational groups. Managerial occupations were the exception. Hirsh et al. (1986) and Pearlman et al. (1980) found the same results for police jobs and clerical occupations that we found for these two categories. In the present meta-analysis, we found that the validity was larger for training success than for job performance in six out of seven occupational groups: driver jobs, electrical assembling jobs, engineer occupations, information and message distribution clerks, police jobs, and typing and filing clerks. The exception was the miscellaneous group of skilled worker jobs. These last results may be due to the fact that the type of job is not exactly the same for the job performance criterion than for the training success criterion. Therefore, in general, our results supported the hypothesis that the operational validity is larger for training success performance than for job performance success when the validity coefficients are grouped based on the occupational category.
Limitations and Strengths of the Present Study
The present study also has several limitations. First, the number of studies and the total sample size are smaller in some occupational categories than in others. Another limitation is that some occupational groups may have also been underrepresented (e.g., police jobs) or not represented at all in some criteria (e.g., manager-training combination) in our database. A third limitation is that we were not able to examine whether there is validity variance associated with the countries because we do not have a sufficient number of jobs (studies) per country in order to do this analysis. In this sense, the occupational categories in our database may be more heterogeneous than the categories used in the U.S. meta-analyses. Another limitation is that our study was conducted only with civilian samples, and therefore, the results may not be generalized to military occupations.
Counter to these limitations, the present meta-analysis also possesses several strengths. First, we were able to obtain primary criterion-related validity studies across seven member states of the EC, ranging from northern countries (e.g., the Netherlands, Germany) to southern countries (e.g., Spain). Second, our computerbased, manual, and in-person searches to locate primary studies resulted in a final database covering 12 occupational categories, which ranged considerably in job complexity. Third, the present meta-analysis benefited greatly from recent advances in metaanalytic methods made by pioneering scholars of this technique in the social sciences in the United States (e.g. Hunter & Schmidt, 2000) . In our procedure, we incorporated these methodological advances at each stage and whenever possible explained our rationale for decisions made throughout this meta-analytic investigation. Thus, in balance, despite some unavoidable limitations to the present study, we argue that these strengths should also be borne in mind, given that this is one of the first attempts to comprehensively verify the international generalizability of the magnitude of criterion-related validity of GMA measures for personnel selection.
Scientific and Theoretical Implications
Our findings, together with the U.S. meta-analytic findings, have implications from a theoretical point of view. In effect, as with the U.S. meta-analyses, we found that job complexity is a pervasive moderator of the validity of GMA. Hunter and Hunter (1984) found evidence supporting this hypothesis. In our case, we found that GMA showed larger validity for the occupational categories theoretically associated with higher job complexity. For the job performance criterion, the larger validity coefficients were for managerial jobs and engineer occupations. In the case of training success, the larger validity coefficients were for engineer and chemist occupations. Furthermore, we found that job complexity positively moderates the validity magnitude of GMA tests for both job performance and training success, with values practically identical to the ones found by Hunter and Hunter. Another finding with theoretical implications is that in some cases the magnitude of the validity was somewhat larger in the European studies than in the United States for job performance. However, for training success, the findings are contrary, although of smaller magnitude. Consequently, a variable must exist which moderates the validity in the European studies but not in the U.S. studies (or to a lesser extent). In the case of training success, one possible explanation is that there were differences in the way in which this criterion was measured. In Europe, training success is typically assessed using ratings, whereas in the United States it is commonly assessed with objective measures (Ackerman & Humphreys, 1991) .
Practical Implications for Organizational Selection Processes
Our results also have implications from an applied point of view. One unequivocal implication from this large-scale metaanalysis is that selection practitioners in the EC countries may use GMA measures across all the occupational groups because they are highly valid predictors for job performance and training success. However, the findings are also relevant for the selection of expatriate individuals because the main findings indicate that there is validity generalization across countries in Europe and the United States. GMA tests are therefore likely to be robust predictors for expatriate assignments across these two continents. However, it is important to note that for expatriate assignments on other continents, caution in extending the present meta-analytic findings is in order. Future research is called for to examine the global generalizability of the present U.S. and EC meta-analytic findings to other continents and countries worldwide, given the postindustrial cultural similarities between the U.S. and the EC. Nevertheless, it should be taken into account that we examined only two criteria, and future studies should explore whether the pattern of validity coefficients is true for other relevant organizational criteria (e.g., turnover, tenure, absenteeism, output, career development). Previous meta-analytic findings for the North American continent and now our findings for the European continent unequivocally support the use of tests of GMA for personnel selection regardless of job complexity or job occupation being selected for.
